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HOME RANGE AND HABITAT USE BY THE LONG-EARED OWL IN 
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Abstract. —The home ranges and hunting activities of 14 Long-eared Owls (Asio otus ) were examined 
using radiotelemetry in an agricultural area of northwestern Switzerland from 1993-96 to determine 
the species’ habitat requirements. Average home-range size was 980 ha and size was significantly cor¬ 
related with the amount of the range that was inhabited by humans ( r s = 0.88, P < 0.001). Long-eared 
Owls used open fields without trees less than expected according to their availability and preferred 
wooded areas bordering on fields where they perched during the night. Flight activity patterns varied 
among seasons with rain, fog, and summer and spring winds decreasing flight activity. 
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Rango de hogar y uso de habitat de Asio otus en el noroeste de Suiza 

Resumen. —El rango de hogar y las actividades de caza de 14 Asio otus fueron examinados utilizando 
radiotelemetria en un area de agricultura del noroeste de Suiza desde 1993—1996 para determinar los 
requerimientos de habitat de la especie. El tamano de rango de hogar promedio fue de 980 ha y su 
tamano fue significativamente correlacionado con la cantidad de rango habitado por los humanos (r s 
= 0.88, P < 0.001). Los buhos utilizaron campos abiertos sin arboles menos de lo esperado de acuerdo 
a su disponibilidad y prefirieron areas boscosas al borde de los campos en donde se posaban durante 
la noche. Los patrones de actividad de vuelo variaron entre estaciones, con la lluvia, la niebla. Los 
vientos de verano y primavera hicieron disminuir la actividad de vuelo. 

[Traduccion de Cesar Marquez] 


The Long-eared Owl (Asio otus) typically nests in 
forested areas and forages in open habitats (Mik- 
kola 1983, Cramp 1985). In Germany and the Unit¬ 
ed States, some forms of agriculture have resulted 
in declines in nesting populations (Illner 1988, Bo- 
sakowski et al. 1989) but in rice-producing areas of 
Italy, Long-eared Owls breed successfully in farm¬ 
land and, there, the population has recently in¬ 
creased (Galeotti et al. 1997). In this area, Long¬ 
eared Owls hunt mainly along treelines and 
edgebanks that border on rice fields. In Switzer¬ 
land, the species has declined over the past 20 
years (Zbinden and Biber 1989, Notzli and Birrer 
1998) and information on its habitat use in agri¬ 
cultural areas is prerequisite for the adoption of 
useful conservation plans. 

Few data have been reported on home ranges of 
Long-eared Owls. Wijnandts (1984) recorded the 
home ranges of five owls tracked for <1 mo and 
Craig et al. (1988) described the home range and 
activity pattern of two nesting pairs. Galeotti et al. 
(1997) tracked seven owls during late winter and 
documented habitat use but, in general, data on 


hunting habitats are based only on analyses of diet 
composition (Getz 1961, Nilsson 1987). Informa¬ 
tion on the habitat requirements of Long-eared 
Owls is mostly limited to nest sites (Marks 1986, 
Nilsson 1987, Bull et al. 1989, Holt 1997). 

The goal of my study was to investigate how 
Long-eared Owls exploit areas of intensive agricul¬ 
ture near Basse Broye, northwestern Switzerland. 
Previous work has shown that they prey mainly on 
common voles (Microtus arvalis) (Roulin 1996) and 
data on nest-site selection suggest that Long-eared 
Owls avoid areas inhabited by people and prefer 
dense forest edges (unpubl. data). In this paper, I 
present data on the home ranges and foraging 
habitat use of 14 Long-eared Owls radio-tracked 
over four years. I also describe the influence of 
meteorological conditions on foraging flights. 

Study Area 

My study was carried out from 1993-96 in a 46-km 2 
area in Basse Broye region, northwestern Switzerland 
(46°52'N, 6°56'E). The landscape is flat with small hills 
ranging in elevation from 430—520 m. The climate is 
characterized by cold, dry winters with average winter 
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temperatures and precipitation of 1.4°C and 57.1 mm/ 
mo, respectively. Summers are hot with average temper¬ 
atures and precipitation of 18°C and 96.6 mm/mo, re¬ 
spectively. Annual average temperatures are 9.5°C and 
total annual precipitation averages 913 mm. 

Open fields cover 78.8% of the total area. In 1969, 
natural grassland represented a quarter of the agricul¬ 
tural production of the area but it decreased to only 
10.9% in 1996 (Federal Office of Statistics). In 1996, 
68.1% of the area was devoted to crops such as cereals, 
tobacco, beets and potatoes. The study area encompasses 
the south bank of the lake of Neuchatel which is covered 
by marshland (4.5% of the study area). Forests represent 
7.4% of the total area and areas inhabited by people rep¬ 
resent only 9.3% of the area. 

Methods 

Bow-nets were used to capture adult Long-eared Owls 
at night during the nonbreeding season (Bub 1991). A 
live brown mouse (Mils musculus) was used as a lure and 
was set in a cage with dry leaves as litter to make noise 
to attract owls. Traps were checked every 30 min. Each 
trapped owl was fitted with a numbered leg band (stan¬ 
dard Swiss Ornithological Station aluminum leg band), 
and 23 were fitted with transmitters. Six transmitters were 
back-pack types (Televilt SA, Stora, Sweden; type TXP-2, 
16 g) attached using a criss-cross harness (Smith and Gil¬ 
bert 1981). Seventeen were tail-mounted (15 from Bio¬ 
track Ltd, Wareham, U.K., type SS-2, 4 g; one from Ho- 
lohil, Ontario, Canada, Type RI-2C, 5.8 g; and one from 
AVM Instrument Co., Livermore CA, USA, Type SM1-H, 
5 g) (Kenward 1978). Radio signals were detected with a 
Yaesu IT 290 receiver (Wagner, Kohn, Germany). Owls 
were first located using a nondirectional antenna. Bear¬ 
ings were then determined by triangulation from two or 
more points using a two-element directional antenna. 
Signals were usually received from distances as great as 1 
km. When possible, sex of breeders was determined ac¬ 
cording to courtship behavior. 

Each radio-tracked owl was located once a day and on 
two nights each week. I checked whether owls were active 
during the day by continuously tracking five owls over a 
period of 17 d. Night data were recorded at 15-min in¬ 
tervals during two tracking periods from half an hour 
before dusk to midnight and from midnight to half an 
hour after dawn. To avoid biases after owls were cap¬ 
tured, tracking began 1 wk after capture (McCrary 1981). 

Most bearings were taken from a distance of <200 m 
and their accuracy was tested by estimating the location 
of hidden transmitters. My accuracy was sufficient to al¬ 
low use of a 50 X 50 m grid as a basis for location data. 

I lost the signals of nine owls soon after their capture. 
After unsuccessfully searching for them from an aircraft 
15 km around the last daytime perch, I concluded that 
they had either left the area or their transmitters had 
failed. 

Home-range size and centers of activity were computed 
with Ranges V (Kenward and Hodder 1996). Maximum 
home ranges at night were estimated with 100% mini¬ 
mum convex polygon (100% MCP, Mohr 1947) to allow 
comparisons with earlier studies (Wijnandts 1984, Gal- 
eotti et al. 1997). Levels of autocorrelation were assessed 
as recommended by Swihart and Slade (1985) and found 


to be negligible at the 75-min intervals used in analyses. 
Incremental plots were used to determine the number 
of locations required to calculate the home-range size 
Six home-range areas became asymptotic at about 15 fix¬ 
es but the area of two of them increased again at 60 fixes. 
Other home ranges did not reach an asymptote. Home- 
range size was thus calculated on the basis of all fixes and 
data sets with <15 fixes were excluded from the analysis. 
Multirange utilization plots indicated an inflection point 
at 60% of fixes (Harris et al. 1990, Kenward and Hodder 
1996). Therefore, I estimated core areas using 60% min¬ 
imum convex polygons, the center of activity being the 
harmonic center (Dixon and Chapman 1980, Spencer 
and Barrett 1984). Home ranges were estimated during 
the breeding period (March-July), post-fledging period 
(August-September) and common-roost period (Octo- 
ber-February) (Wijnandts 1984, Cramp 1985). 

For analysis of habitat use, I divided the landscape into 
seven categories: open fields (>30 m from a wooded 
area), woodlands (>30 m from open fields), forest edges 
(defined as a strip of 30 m inside and 30 m outside of 
forest borders), hedges (or tree lines), inhabited areas 
(villages or isolated buildings), copses (wooded areas < 
1 ha) and marshlands. Habitat composition was counted 
from a 50 X 50 m grid superimposed on a 1:25 000 to¬ 
pographic maps (Federal Office of Topography) and 
ground-truthed in the field. Each cell was then indexed 
according to its predominant habitat. Relative use of hab¬ 
itat type was compared with the amount of each type first 
within the home range and second within the study area 
with goodness-of-fit tests. Preference and avoidance of 
different habitat types was ascertained using Bonferroni 
Z statistics (Neu et al. 1974, Byers et al. 1984, Alldredge 
and Ratti 1986). Analysis was performed first with all fixes 
and second with flight locations only. 

The night activity period was defined as the elapsed 
time between the time an owl was last located at a day¬ 
time perch in the evening and the time it was first re¬ 
corded at a daytime perch the next morning (Forbes and 
Warner 1974, Wijnandts 1984). Transmitters contained 
posture switches, so signals indicated when birds were in 
flight. Flight activity was expressed as the percent of fly¬ 
ing locations per hour. Activity analyses were performed 
seasonally: spring (March-May), summer (June-August), 
autumn (September-November) and winter (December- 
February). 

Results 

Owing to transmitter failures, molt of tail feath¬ 
ers, death or permanent emigration from the study 
area, only 14 out of 23 owls had sufficient locations 
for analysis (two females, six males and six owls of 
unidentified sex) (Table 1). Recapture of owl HI 
one year after it was instrumented indicated no 
sign of either feather wear or skin abrasion. Owls 
were monitored 20-249 d. Removal of location 
points to reduce autocorrelation resulted in a total 
of 869 locations that could be used in analyses of 
home ranges and habitat use. 

Home Range and Habitat Use. Long-eared Owls 
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Table 1. Home range of radio-tagged Long-eared Owls in the Basse Broye Region of Switzerland from 1993-96. M 
= male; F = female; ? = unidentified sex. 


Owl 

Sex 

Tracking 

Period 

Total 
No. OF 
Locations 

No. OF 

INDE- 

PENDENT 

Locations 

Home-range 

Area (ha) a 

100% 60% 

MCP b MCP 

Range 

Span c (m) 

HI 

P 

930702-931115 

332 

73 

766 

292 

6104 

H2 

? 

930715-930830 

100 

20 

544 

93 

5055 

H4 

p 

940104-940124 

111 

24 

97 

38 d 

1553 

H6 

M 

940413-940608 

228 

52 

1017 

16 d 

4904 

H7 

M 

941011-950406 

515 

117 

295 

88 

3043 

H8 

F 

950205-950502 

104 

37 

128 

l d 

1595 

H9 

M 

950206-950713 

210 

80 

829 

338 d 

6435 

H10 

M 

950208-950720 

219 

78 

417 

155 d 

3453 

H12 

? 

950803-960409 

225 

62 

1559 

484 

6261 

H14 

? 

950830-951002 

70 

26 

161 

42 d 

1866 

H15 

M 

951023-960621 

483 

131 

1629 

541 d 

7349 

H16 

F 

951031-960609 

121 

45 

3174 

77 d 

10 048 

H17 

M 

951203-960718 

275 

71 

1916 

1445 

7669 

H23 

? 

960813-961120 

233 

53 

1188 

577 d 

5882 


* Based on independent locations. 
b MCP = minimum convex polygon. 
c Calculated from 100%. 
d Core areas comprise the daytime perch. 


Table 2. Variation of home-range size of Long-eared 
Owls among breeding periods in the Basse Broye region, 
Switzerland from 1993-96. N = number of telemetry lo¬ 
cations; M = male; F = female; ? = unidentified sex. 



Sex 

Breeding 

Period 

Common 

Roost 

Period 

Post- 

fledging 

Period 

N 

100% 

MCP 

(ha) 

N 

100% 

MCP 

(ha) 

N 

100% 

MCP 

(ha) 

HI 

? 

18 

221 

21 

386 

34 

202 

H2 

? 





14 

182 

H4 

? 



24 

97 



H6 

M 

52 

1017 





H7 

M 

16 

239 

101 

233 



H8 

F 

18 

24 

19 

83 



H9 

M 

71 

829 





H10 

M 

58 

417 

20 

121 



H12 

? 





52 

1075 

H14 

? 





26 

161 

H15 

M 

52 

1188 

79 

1258 



H16 

F 

19 

12 

26 

3174 



H17 

M 

36 

1322 

35 

1070 



H23 

? 



16 

357 

37 

1174 

Mean 



585.4 


753.2 


558.8 

SD 



509.5 


1003.6 


517.8 


occupied home ranges that varied in size from 97 
to 3174 ha (x = 979.9 ± 864.2, ±SD) (Table 1). 
All ranges were elongated and the range span av¬ 
eraged 5086.9 ± 2529.8 m. I calculated one core 
area for each owl. It covered in average 298.9 ± 
386.9 ha. Core areas included daytime perches of 
nine owls, six of which were breeders. There was 
no significant correlation between home-range size 
and number of fixes (Spearman rank correlation; 
r s = 0.38; P = 0.18). 

I detected no significant differences in home- 
range size between periods (Kruskall-Wallis test: x 2 
= 0.38, df = 2, P = 0.83) (Table 2). Females had 
smaller home ranges than males only during the 
breeding period (Mann-Whitney U test: U = 0, P 
= 0.04). All range sizes were positively correlated 
with proportions of areas inhabited by humans 
(Spearman rank correlation: r s = 0.88; P< 0.001). 
No other habitat characteristic influenced home- 
range sizes ( P > 0.05). 

When testing the difference between the pro¬ 
portion of locations in each habitat and habitat 
availability in both the study area and the home 
range, habitat use by 11 of the 14 Long-eared Owls 
varied significantly from availability (x 2 = 39.9, df 
= 6, P < 0.001) (Table 3) with owls avoiding open 
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Table 3. Percent habitat composition of study area and home ranges (HR), and percent of telemetry locations (TL) 
in each habitat of Long-eared Owls tracked from 1993-96 in the Basse Broye region of Switzerland. + preferred, — 
avoided, Bonferroni confidence intervals, P < 0.05/number of habitat categories in the home range. 



Open Field 

Forest 

Forest Edge 

Hedge 

Copse 

Marshland 

Inhabited 

Area 

HR 

TL 

HR 

TL 

HR 

TL 

HR 

TL 

HR 

TL 

HR 

TL 

HR 

TL 

HI 

70.9 

32.9- 

4.3 

0.0 

8.0 

39.7+ 

0.4 

2.7 

0.7 

1.4 

1.1 

13.7+ 

14.6 

9.6 

H2 

42.9 

55.0 

40.6 

15.0 

10.6 

20.0 

0.0 

10.0 

0.0 

0.0 

— 

— 

5.9 

0.0 

H4 

90.0 

29.2 

2.2 

0.0 

5.9 

0.0 

0.4 

4.2 

1.3 

54.1 

— 

— 

0.2 

12.5 

H6 

85.3 

46.2- 

1.7 

0.0 

4.4 

51.9+ 

0.2 

1.9 

— 

— 

— 

— 

8.4 

0.0 

H7 

78.9 

38.5- 

2.4 

0.0 

2.4 

2.6 

0.5 

9.4+ 

1.6 

29.9+ 

6.7 

8.5 

7.5 

11.1 

H8 

97.2 

2.7- 

— 

— 

— 

— 

2.7 

40.5+ 

0.1 

56.8+ 

— 

— 

— 

— 

H9 

84.3 

26.3- 

1.6 

0.0 

7.7 

46.2 + 

1.1 

11.3+ 

— 

— 

0.0 

5.0+ 

5.3 

11.2 

H10 

93.6 

26.9- 

0.1 

0.0 

1.6 

0.0 

3.0 

56.4+ 

1.1 

15.4+ 

— 

— 

0.6 

1.3 

HI 2 

80.3 

54.9- 

4.5 

1.6 

6.1 

24.2 + 

0.2 

12.9+ 

0.2 

3.2 

0.0 

1.6 

8.7 

1.6 

H14 

98.8 

65.4 

— 

— 

— 

— 

0.0 

26.9 

0.6 

7.7 

— 

— 

0.6 

0.0 

H15 

75.7 

19.1- 

5.3 

o.o- 

7.7 

41.2+ 

0.2 

28.2+ 

0.4 

9.2+ 

0.0 

0.8 

10.7 

1.5- 

H16 

75.9 

6.7- 

1.6 

4.4 

3.5 

64.5+ 

0.6 

22.2+ 

0.3 

0.0 

0.0 

0.0 

18.1 

2.2- 

H17 

76.4 

42.2- 

1.3 

0.0 

4.4 

21.1 + 

0.1 

15.6+ 

0.6 

2.8 

0.5 

2.8 

16.7 

15.5 

H23 

84.3 

43.4- 

2.4 

15.1 + 

4.7 

20.8+ 

0.3 

11.3+ 

0.5 

7.5+ 

— 

— 

7.8 

1.9- 

Median 

82.3 

35.7 

2.3 

0.0 

5.3 

22.7 

0.4 

12.1 

0.6 

7.6 

0.3 

2.8 

7.8 

1.9 

Study area 

75.9 


3.4 


5.4 


1.0 


0.5 


4.5 


9.3 



fields and preferring wooded areas bordering on 
fields (Fig. 1). Eight owls selected forest edges, 
nine selected hedges and five selected copses. For¬ 
ests were rarely used (0-15.1% of locations) but 
one owl used forests significantly more than ex¬ 
pected and another one used them less (Table 3). 
Two owls used marshlands more than expected 
and three avoided inhabited areas. The same pat¬ 
tern of habitat use was found when only flight lo¬ 
cations were considered, but differences were less 
significant. Seven owls showed a habitat preference 
(X 2 = 17.1, df = 6, P < 0.004; Fig. 2), six avoided 
open fields and five preferred wooded areas bor¬ 
dering on fields. 

Activity and Flight Period. Night activity began 
an average of 38 ± 17 min after local sunset and 
ended 53 ± 33 min before local sunrise. In all sea¬ 
sons, there were significant positive correlations 
between the time of dusk and the onset of nightly 
activity (Table 4). Except in winter, the same sig¬ 
nificant positive relationship was found between 
the time of dawn and the cessation of nightly ac¬ 
tivity. 

Twenty-eight percent of the nocturnal locations 
were recorded when the owls were in flight. The 
patterns in flight behavior indicated that the owls 
flew throughout the night (Fig. 3). There were 


slight seasonal differences with owls flying mainly 
between dusk and 2300 H in spring and summer, 
from dusk to 2200 H and 0200 H to dawn in au¬ 
tumn, and from midnight to 0300 H in winter. 

Precipitation and fog significantly limited flight 
activity (Table 5). Wind limited flight activity in 
spring and summer but increased it in winter. In 
spring, flying also increased with increasing tem¬ 
peratures. 

Discussion 

The home ranges of the owls I studied were in¬ 
termediate in size when compared to those re¬ 
ported by Wijnandts (1984) and Galeotti et al. 
(1997). However, they were more variable in size 
than previously reported perhaps due to individual 
variation and variability in environmental factors 
(Marquiss and Newton 1981, Newton 1986). Dur¬ 
ing the breeding season, females occupied areas 
restricted to the vicinity of their nests, which was 
in accordance with Craig et al. (1988). The largest 
range was measured for a 1-yr old female (HI6) 
banded as a nestling the year before that returned 
to its natal area to breed. Male Long-eared Owls 
are known to breed as yearlings close to their natal 
sites (Marks et al. 1994), but, to my knowledge, this 
is the first documentation for a female. 
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Open field Forest Forest edge Hedge Copse Marshland Inhabited area 

Figure 1. Habitat use of Long-eared Owls in the Basse Broye region of Switzerland estimated by comparison between 
percent of telemetry locations (TL: boxplot) and availability of habitats in the study area (SA: plot) and home ranges 
(HR: boxplot). Asterisk indicates significant difference between TL and HR or SA obtained for a minimum of five 
owls (Bonferroni confidence intervals: P < 0.05/number of habitat variables). 


Higher prey availability can decrease home 
range size. (Kenward 1982, Zabel et al. 1995, Mar- 
zluff et al. 1997). This could explain why eight of 
the owls I tracked had home ranges that continu¬ 
ously got larger. Perhaps, the patchy distribution of 
their primary prey species, the common vole, forc¬ 
es some owls to constantly hunt new areas (Gosz- 
czynski 1981, Korpimaki 1992, F. Henrioux unpubl. 
data). Habitat can also influence home range size 
of raptors (Marquiss and Newton 1981, Newton 
1986, Babcock 1995, Redpath 1995). I found home 
range size to increase with increased amounts of 
inhabited areas and they avoided inhabited areas 
both as nesting and as foraging sites. No other re¬ 
lationship was found between the size of home 
ranges and the amount of other habitats but this 
may have been due to the fact that there was little 
difference in the availability of the habitats among 
the home ranges (Zabel et al. 1995). 

My analyses indicated that Long-eared Owls 
avoided uniform habitats like open fields without 
trees and preferred forest edges, copses and hedg¬ 


es. As in Italy (Galeotti et al. 1997), the availability 
of this type of habitat has decreased in Switzerland 
as intensive agriculture has eliminated isolated 
trees and fences in open fields. Based on visual 
observations and analyses of diet composition, 
Long-eared Owls were known to hunt in open 
fields (Getz 1961, Glutz von Blotzheim and Bauer 
1980, Mikkola 1983, Cramp 1985, Marks et al. 
1994), the edges of which are prime foraging hab¬ 
itat. 

My activity observations agreed with those of Wi- 
jnandts (1984) and Galeotti et al. (1997) who 
found that Long-eared Owls mostly perched dur¬ 
ing the night, but they were inconsistent with those 
of Glue and Hammond (1974) and Marks et al. 
(1994) who found that Long-eared Owls hunted 
mainly in flight. Perch-and-wait hunting is com¬ 
mon in raptors (Kenward 1982, Watson 1986, 
Plump ton and Andersen 1997) and I observed 
Long-eared Owls hunting from perches several 
times at the edges of open fields as they waited for 
common voles. Hunting occurred mainly after sun- 
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Open field Forest Forest edge Hedge Copse Marshland Inhabited area 

Figure 2. Habitat use in flight by Long-eared Owls in the Basse Broye region of Switzerland estimated by comparison 
between percent of flight locations (FL: boxplot) and availability of habitats in the study area (SA: plot) and home 
ranges (HR: boxplot). Asterisk indicates significant difference between FL and HR or SA obtained for a minimum 
of five owls (Bonferroni confidence intervals: P< 0.05/number of habitat variables). 


set and before sunrise, so the owls I studied were 
nocturnal like other Long-eared Owls (Glass 1971, 
Moritz 1979, Wijnandts 1984, Marks et al. 1994, 
Galeotti et al. 1997). In spring, summer and winter, 
they flew at all times of the night but, in autumn, 
they became less active around midnight. Such pe¬ 
riods of inactivity have been reported elsewhere 


and may be associated with the coldest nighttime 
temperatures and times when prey are least active 
in autumn (Glutz von Blotzheim and Bauer 1980, 
Wijnandts 1984). 

Wijnandts (1984) found that flight was reduced 
during precipitation and fog. In addition, I found 
that wind was an important meteorological variable 


Table 4. Time intervals between onset time of activity and sunset, and sunrise and cessation time, as taken for 
nocturnal activity period of Long-eared Owls in the Basse Broye region of Switzerland. Spearman correlation coef¬ 
ficients (r s ) are given between onset and cessation times of activity and sunset and sunrise. 



Spring 

Summer 

Autumn 

Winter 

All Year 

Mean interval between activity onset and sunset 

32 min 

41 min 

38 min 

44 min 

38 min 

SD 

14 min 

17 min 

11 min 

26 min 

17 min 

r s 

0.91 

0.94 

0.95 

0.64 

0.98 

p 

<0.001 

<0.001 

<0.001 

<0.005 

<0.001 

Mean interval between sunrise and end of activity 

47 min 

51 min 

48 min 

70 min 

53 min 

SD 

30 min 

19 min 

34 min 

46 min 

33 min 

r s 

0.84 

0.77 

0.65 

-0.22 

0.9 

P 

<0.001 

<0.001 

<0.005 

>0.05 

<0.001 
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hours 

Figure 3. Seasonal flight activity pattern of Long-eared 
Owls tracked in the Basse Broye region of Switzerland 
from 1993—96. 


that reduced flight activity in spring and summer, 
but favored it in winter. During winter, long windy 
periods may force owls to move more often causing 
them to hunt more in flight. 
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